Ecological Response to the Unregulated Spring
Flow Regime in California’s Sierra Nevada
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Spring Shnowmelt Recession Ecology
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Biotic Thresholds
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Foothill Yellow-legged Frog
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Range Map
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o California Species of Special
Concern - requires
consideration in management
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Foothill Yellow-legged Frog Life History in
Synchrony with Predictable Flow Regimes
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Measured Discharge at NF American 1998-2008

NF American River Discharge
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At cross-sections in FYLF
breeding habitat, recession
rates are less than 10 cm
per week in all water year
types.

Stage (m)

Measured discharge varies
across water year types, but
stage changes are consistent
during the recession across
all water year types due to
consistent recession rates
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Foothill Yellow-legged Frog Breeding Habitat

Frogs lay eggmasses in
very low velocity locations
at 20-40cm depth

3 weeks required for
eggmasses to hatch and
tadpoles to grow big
enough to follow receding
water’s edge

Eggmasses can be scoured
by large increases in flow
and desiccated by fast
recession rates
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Stage (m)

Plasticity in Breeding Timing

Hourly Stage & Water Temp. for NFA 2011
FYLF Oviposition Timing
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Cosumnes River Floodplain

Lower elevation basin
at edge of valley floor
with restored
floodplain

Unregulated mixed
rain-snow system with
recession ending in late
May (smaller
snowpack)

Native spring spawners
and juvenile salmonids
utilize vegetated
floodplain habitat
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Cosumnes River Floodplain

Lower elevation basin
at edge of valley floor
with restored
floodplain

Unregulated mixed
rain-snow system with
recession ending in
late May

Native spring
spawners and juvenile
salmonids utilize
vegetated floodplain
habitat
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Floodplain Food Web

Phytoplankton

N

- Y
y Q\_\'\/\‘\
/ - ,\-.

YDINENDIBIONE BN



Chl-a (pg 1)
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Zooplankton Biomass

Zooplankton Biomass
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Food Web Duration
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Percent Native Fish Leaving the Floodplain
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Discharge (cms)

Managed Flow Regimes
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Quantifying the Spring Recession
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Unregulated Basins in California’s
Sierra Nevada mountains
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Daily recession rates:

1) are limited (< 25%),

2) decrease during the
recession (8 — 4%)




Regulated versus Unregulated Flow Regimes
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Modeling a Spring Recession in Regulated Systems

e Recession rates are consistent — can be modeled as
downramping rates from spill or an ecological pulse

e Can be broadly applied in regulated systems:

— Determine daily percent decrease
— Determine a starting discharge

— Determine down-ramp StepS North Fork American River
appropriate to infrastructure -

1970

 Examples in California:
— South Fork San Joaquin River

— McCloud River
— Middle Fork American River

— Upper Yuba Rivers

Stage (m)




Climate Warming Scenarios — Sierra Nevada

South Yuba River — Inflow to Lake Spaulding
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Economic Trade-offs in Flow Management

a) Hydropower Generation change
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(Rheinheimer et al. 2012)
Environmental managers perspective — 25% ramp rate and 50% increase in
flows costs only 3.5% loss in generation.

Operators perspective — 2% loss in generation acceptable, pick any
combination on the curve.



Cumulative Effects Downstream
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Cumulative Effects Downstream
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Conclusions

Spring flow regimes provide key
ecological cues for native species &

Spring recession flows are
consistent, easily modeled, and &
manageable in regulated systems @

Coordinated management o
upstream reservoirs can o
propagate to valley floodpla \§

L E“

Using ecological functions
observed in unregulated sys
can be a guide for manage
regulated systems
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